S2
. EPR zfs parameters for C-terminally His6-tagged, WT OxDC and the Mn(II)-containing W132F OxDC variant at pH 8. 5 .
a D and E are obtained from low-resolution spectra (3 K) while g and A are obtained from high-resolution spectra.
a Other EasySpin 1 simulation parameters used to obtain EPR zfs values: Table S2 . Fine structure parameters, D and E (MHz), of the Mn(II) binding sites in WT OxDC and the Mn-containing W132F OxDC variant calculated using both the hybrid B3LYP 2 and the non-hybrid BP86 3 functional in conjunction with double-zeta 4 (SVP) and triple-zeta 5 (TZVP) basis sets. The spinspin (SSC) and spin-orbit (SOC) contributions to D and E are also reported (MHz).
a Cluster model containing hydroxide as the fifth ligand with a hydrogen bond to a solvent water ( Figure  7d in main text). b Initial structure for QM/MM optimization based on the X-ray crystal structure of Co(II)-containing W132F OxDC variant.
c Initial structure for QM/MM optimization from in silico modification of the X-ray crystal structure of WT OxDC (1UW8). Figure S1 . Simulated powder EPR spectra of the lowest energy transition |-5/2> --|-3/2> when D = -3500 MHz (black) and D = +3500 MHz (red) at 326. 4 GHz assuming E = 500 MHz. These simulations illustrate how the sign of D can be extracted from the shape of the EPR spectrum at very low temperatures where only the lowest spin state has appreciable Boltzmann population. NaOH (10 µL), and the formate quantified using the NADH absorption at 340 nm in an assay mixture containing formate dehydrogenase. The sum of site I and site II simulations is also shown (red). The simulation parameters are the same as those given in Figure 6 (main text). II simulations is also shown (red). The simulation parameters are the same as those given in Figure 6 (main text).
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Figure S10 
Cartesian coordinates for the cluster models used to calculate zfs parameters (numbers refer to figures in the main text).
(A) WT OxDC (N-terminal Mn(II) site; Figure 7a ) D = -1170 MHz, E/D = 0.11: Figure 7d ) D = -7130 MHz, E/D = 0.13: 
